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Abstract 
We present a microfluidic cell plate for endocrine disrupting chemicals (EDCs) detection, like estrogenic activity, in 
waterish solution. This platform technology consists of four independent micro flow units made of polydimethylsiloxane 
(PDMS) and glass, which enables a selective detection of up to four species of the EDCs per one-way chip containing the 
corresponding immobilized receptor. The concept of the detection is based on direct fluorescence analysis. In order to 
found out the electrical parameters of the microfluidic system electroluminescence (EL) measurements as a function of the 
concentration of the QD800 dye were investigated. Finally, the microfluidic device was attached to the flow control 
system. Different edge filters were tested in order to attenuate the MOSLED light signal and to maximize the QD800 dye 
signal at 800 nm which works best for a 780 nm edge filter. Measurements using an integrated photo diode as detector 
were performed to point out the relationship between the dark and photo current. 
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Introduction 
 
In this work we present a microfluidic cell plate for 
endocrine disrupting chemicals (EDC´s) detection, like 
estrogenic activity, in waterish solution. These kinds of 
substances build a main group of the environmental 
pollutants. For this reason an increasing interest in point 
of care measurements and so called Lab-On-Chip 
systems is observed, which can replace the actual 
laboratory methods. Current standard methods for the 
detection of organic substances in water are gas and 
liquid chromatography and takes between three days and 
one week in the case of estrogen detection. 
Our platform technology consists of a flow-through cell 
with four micro flow  channels made of 
polydimethylsiloxane (PDMS) and glass, which enables 
a selective detection of four species of the EDC´s. The 
concept of the detection is based on direct fluorescence 
analysis and is outlined in [1]. The light source is 
integrated on chip by using rare earth-implanted Si-
based light emitters (MOSLED).  
 
Experimental 
 
Fig. 1 shows a schematic view of the detection concept. 
The integrated light emitters are based on a metal-oxide-
semiconductor (MOS) structure which consists of a 200 
nm thick gate oxide thermally grown by LOCOS 
(LOCal Oxidation of Silicon) technology on 4-inch 
{100} oriented n-type silicon wafers. This oxide layer is 
implanted with Ge or rare earth ions followed by 
annealing and SiON deposition. Depending on the 
implanted element there is a broad palette of MOSLEDs 
emitting light from the UV up to the red spectral region 
[2]. For the use in fluid media the surface 
 
Figure 1: Schematic view of the detection concept. See the text 
for more details. 
 
is finally passivated by a thick oxide layer to prevent 
shortcuts caused by the wet ambient. The MOSLED 
device on the chip is placed directly beneath the biofilm, 
which consists of a silane film and immobilized estrogen 
receptors hERD as shown in Fig. 1. These steps belong to 
the preliminary preparation of the chip surface before 
detection measurement starts. The Fig. 2 shows the 
microfluidic cell plate with four flow channels with a 
volume of 0.12 mm3 each. The fluidic cell was operated 
with 180 V voltage at constant injection current of 5 μA.  
 
Figure 2: The microfluidic flow cell plate with four flow 
channels on the top of a Tb based silicon light emitter with an 
emission wavelength of 532 nm. The channel volume is about 
0.12 mm3. The operation voltage is about 180 V for a constant 
current of 5 μA. 
 
The light emission of the Tb- based MOSLED is visible 
to the naked eye (Fig. 2). More details to the 
electroluminescence (EL) measurements will be 
discussed in the next section.  
The microfluidic layout depicted in Fig. 1 contains the 
edge filter between the biofilm and the integrated 
detector. The filter has the task to suppress the signal of 
the light emitter without damping the dye signal. 
Different edge filters with an absorption edge at 650, 
720 and 760 nm were used in order to improve the 
signal-to-noise ratio.  
 
Results 
 
Since the detection is based on the direct fluorescence 
analysis, preliminary EL measurements with the 
microfluidic flow cell plate without and with QD800 dye 
as marker have been performed (Fig. 3). The main 
emission line of the Tb- based MOSLED is centred at 
532 nm. The fluorescence maximum of the QD800 dye 
is about 800 nm. The Stokes shift between the main 
emission wavelength of the Tb emitter and the 
fluorescence maximum of the dye is large enough to be 
distinguished. 
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Figure 3: EL spectra with microfluidic flow cell plate without 
and with QD800 dye. 
 
In order to estimate properly the concentration of the dye 
and the electrical parameters further concentration 
measurements under constant current injection were 
investigated as shown the EL spectra in Fig. 4. 
 
Figure 4: EL spectra with microfluidic flow cell plate by using 
different concentrations of QD800 dye at a constant injection 
current 
 
The fluorescence intensity of the QD800 dye increases 
by increasing the dye concentration. All fluorescence 
spectra can be reproduced except the 50 nM 
concentration. For this reason further optimization steps 
of the biofilm are necessary regarding the 
functionalization of the chip surface [3] and the 
immobilization of the corresponding receptor [4]. The 
next step will describe how to attenuate the secondary 
emission lines of the Tb-MOSLED in order to maximize 
the dye emission signal by integrating the edge filter in 
the microfluidic flow cell (Fig. 1, 2). 
 
 
 
Figure 5: EL spectra with microfluidic flow cell by using the 
Tb based MOSLED (green) and in the presence of the filter up 
to 650 nm compared to the dark current (black). 
 
Fig. 5 shows the EL spectra with the microfluidic flow 
cell by using the 650 nm edge filter The most disturbing 
signal in the case of Tb-based MOSLEDappears at 680 
nm as shown in Fig. 5. The Peak about 760 nm is the 
second harmonic of a peak about 380 nm,  The signal of 
the QD800 dye emission at 800 nm is the peak of 
interest, whose amount is proportional to the estrogenic 
concentration in the waterish solution. For this reason 
two edge filters were used in order to minimize the 
background around the 800 nm originating from the Tb-
based MOSLED as shown the Fig. 6.  
  
 
Figure 6: EL spectra measured in the microfluidic flow cell by 
using QD800 dye in the presence of the different filter types: 
720 nm without (red) and with dye (green) and 760 nm without 
(black) and with dye (magenta) 
 
Fig. 6 shows the EL spectra of the QD800 dye by using 
the 720 and 760 nm edge filters. The signal at 800 nm of 
the QD800 dye in Fig. 6 shows a more symmetric signal 
in the case of the 760 nm edge filter compared to the 720 
nm edge filter, which will be taken in the future. 
A Si-diode was used as detector. Minimizing the dark 
current plays a crucial role in order to increase the 
sensitivity of the detector, and cooling might become a 
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necessary condition for the measurement of low estrogen 
concentrations. Further measurements by using the Tb-
MOSLED with biofilm, i.e. with the immobilized hERa 
receptors, will follow.  
 
This work describes a promising microfluidic flow cell 
plate with four flow channels, which allow selective 
detection of up to four EDC´s depending on the receptor 
type. The best measurement with QD800 dye was 
performed by using the 760 nm edge filter. Whereas the 
measurements were done in the presence of the QD800 
as marker, the measurements and optimization of the 
whole microfluidic flow cell with the biofilm are 
necessary. 
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